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RAPIATION CURABLE SATORATEP POLYOLEnW 



5 This Invention relates to radiation curable 

poly(a-olefin) pressure-sensitive adhesive 
cos^ositions. The invention relates particularly to 
radiation curable poly(a-olefin) pressure-sensitive 
adhesive compositions having improved resistance to 
10 oxidative degradation and superior cohesive strength 
particularly at elevated temperatures, without use of 
tatdcifiers, and to laminated structures made therefrom. 



15 A continuing need in the pressure-sensitive 

adhesive (PSA) art is achievement of better control 
aver various mechanical anfi process properties so that 
adhesives can be "tailor-made" for specific, highly 
demanding end-use applications such as packaging, 
20 medical, and. masking tapes. These applications require 
a proper balance of properties, and this balance 
changes with the particular end-use. 

Among the earliejSt polymers to provide a 
reasonable balance of the preppies required for 
25 satisfactory PSA performance were the natural and 

synthetic rubbers. However, Shsse PSAs had ^oor aging 
properties, and the art quickly recognized the need to 
eliminate ethylenically-unsaturated groups from the 
polymer backbone of rubber adhesives in order to 
30 inprove their oxidative stability. 

With the discovery of ZM catalysts, it became 
possible to polymerize e-olefih monomers, to high 
molecular weight. Th? homopolymers of the Ce-Cjo o- 
olef ins were naturally tacky and therefore good 
35 candidates for PSAs since they also had low toxicity, 
sccci aging and favorable envircsffientai stability (i.e., 
low oxidation) . These homopolymers were chemically 
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inert, resistant to plastlcizer migration, and 
relatively inexpensive. However, they had poor 
c!Live strength and therefore lacked Characteristics 

necessary for use at elevated t«»P«*^«^««- ^ 
5 Radiation curing has been frequently used to 

chemically crosslink the polymeric component of ^ _ 
:resives'in attempts to increase t^-oh^iv^^ 
of coated adhesive films. The results have been 
infsfactory because competing crosslinking and 
.0 degradation (Chain scission, reaction^^^^^ 

simultaneously. ^^^°'"^'^^^«^^:^;„ing 
especially those formulated from P^^^^^^^ 

propylene, radiation curing leads to a loss 
8tr«igth and c. or larger 

Adhesives derived P'^^-J^"^"^.^. ^.^ent Ho. 

oSlMaiv* strength and wwar 

— ::r.rt.r:r\:::e;:i^^-- 
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adhesion is unsuitable, for example, for Basking or 
packaging tape applications. 

U.S. Patent Nos. 3,954,697 and 4,178,272 describe 
hot-melt adhesives useful for sealing polyethylene 
5 films derived from copolymers of propylene and C^-C,o a- 
olefins. The '697 patent teaches that while or Ci a- 
olefin copolymers are permanently tacky, they have poor 
cohesive strength and consequently lack shear adheaion. 

^ Therefore the higher a-olef ins must be copolymerised 

10 with propylene in order to meet ••the critical property 
requirements for a pressure-sensitive adhesive 
material •*. One such a property, cohesive strength, is 
discussed in col. 1, lines 34-48. The copolymer must 
contain more than 40 mole % propylene, especially if 

15 static shear is to exceed 1000 aijiutes. The '272 

patent describes- compositions comprising a ZN catalyst 
system and discloses process conditions useful in 
prepeuring the "tacky" copolymers required for PSAs. 
Also disclosed are stereo-regulating three-c6iq>onent ZN 

20 catalyst systems that produce high molecular weight, 
crystalline block copolymers \insuitable for PSA 
applications (col. 2f lines 39-65), but are stated to 
be useful in sealing bags, cairtons, and on an adhesive 
for floor tiles. 

This approach is. furthcK^ advanced isi U.S. Patent 
No. 4,288,358 Which describds hot-sielt adhesive* 
compositions containing terpolymers of propylene, 
either 1-butene or 1-pentene, and Ce-Cio ce-^olefins; 
tackifying resins; and plasticizing oils, in yet 

30 further efforts to simultaneously optimize the adhesive 
and process properties of these compositions. 

Nhile these references teach optimized processing 
conditions for preparation of hot melt adhesives that 
are readily coatable or extrudable at the mielt 

35 teiaperature, these smteriels have poor PSA properties. 
In particular, they have poor adhesion under shear. To 
be useful, high tempera'ture masking tapes used in the 
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^tiv. inauatry ..ve ^ "^J^^' 
!j!^t»d t«w«atures. Mterngts to i^rcve tMK 

. pr«-«. for c.poXy«rl.ln, -^«;;"^^.:;t^ir.,tr 
™„-c<«Ju,.t.« -ioX.f in. to vmd .uu« ^ 

«M.t»r.tea ela.tom«. deKalbed M r«»» 
10 "rabbery". auoloses hexone-V 

moderate temperatures. 

25 



product of percent of one or more 

carbon atoms of 

""TTltre'p"centofoneor»ore«. 
5 2) 9.9 to 0.1 mole P« including 

olefins having 6 to 20 car^ 
at least one methylidyne group (a on 
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containing group having a hydrogen atom on a 
tertiary carbon atom) present in a branched 
or cyclic groap of carbon atoms; and 
b) optionally, sufficient photoactive crosslinJcing 
5 agent to crosslink the composition upon esiposure 

to actinic radiation. 

After curing, the composition provides a pressure- 
sensitive adhesive preferably having peel adhesion of 
35 N/da or more and cohesive stability at temperatures 

10 above 120»C. The adhesive can be of particular use in 
tapes required for high temperature masking and hot 
melt adhesive applications. 

Preferably, the polymsr of the present invention 
has a glass transition temperature (Tg) in the range of 

15 -70-c to o»C, more preferably in the range of -60 to - 
20»C, and an inherent viscosity in the range of 0.4 to 
9.0 dl/g, more preferably 0.5 to 6.0 dl/g, and most 
preferably 1.5 to 4.0 dl/g. Number average molecular 
weights of the polymers are in the rang^e of 5,000. to 

20 50,000,000, preferably 50,000 to 5,000,000. 

The copolymers of the present invention do not 
contain residual ethylenic-unsaturation but do contain 
sendant side groups having readily reactive hydrogen 
atoms on tertiary carbon atoms that, on radiation, 

25 preferably in the presence of a photoactive 

crosslinking agent, leads to crosslinking of the 
copolymer and thereby improved cohesive strength of the 
adhesive. Because ethylenic-unsaturation is not 
present in the copolymers, cured adhesives prepared 

30 from them have improved elevated temperature oxidative 
stability as well as excellent adhesion and 
(dismical/ electrical resistance,, and they are 
physiologically inert. These properties make them 
excellent prea;sure-senBitive adhesives for a wide range 

35 of applications where it is desirable to have 
independent control of peel and sheeu: adhesion. 
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soaposition of the invention is minimal or does not 
occur. 

As used in this invention: 
"a-olefin copolymer" means a random polyser 
5 derived from two or more terminal monoethylenically- 
unsaturated monomers; 

"straight-chain a-olefin" means a linear 
hydrocarbon having no branching and only one terminal 
ethylenic-unsaturation group and no other functional 
10 groups; 

"*a-olefin having at least one methylidyne group" 
means a hydrocarbon having only one terminal 
ethylenically-unsaturated group and no other functional 
groups . and having pendant to the etJiylenically- 
15 unsaturated group, a group having a carbon atom that is 
attached to three other carbon atoms and to a hydrogen 
atom; 

"film" means a layer or a support and a self- 
supporting layer; 
2ti "photoactive crossl.iL?5king ager.t" iBear.s a coEpound 

i^ich, under the influence of radiation, connects 
polymer chains and becomes incorporated therein; this 
increases the molecular weight of the adhesive and thus 
its cohesive strength without linduly affecting its 
25 coB^lianee or other PSA properties; 

"actinic radiation" means electromagnetic 
radiation, preferably in the ultraviolet range; and 

"lower alkyl" means q to C5 alkyl group. 



The radiation-curable o-olefin copolymers of the 
invention preferably have general formula I: 

-fCH2-CH^,^2-CH)-,-fCH2-CH)-, I 
(CHj), R R* ' 
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15 



wherein 

R is hydrogen or a lower alkyl group,- 

Rt is a monovalent organic group that is f rete of 

ethylenic-unsaturation and contains at least 

one 

»ethylidyne group, -CH, having 4 to 30, and 

preferably t. 18 crbon atoBS, ^P^^^"^ 
containing an o^gen or silicon atom that is 
catenated between carbon . 
preferably having the structural formulae. 

Q 

L ««nd -0- and divalent groups 
. s single aona, y = . . ^ 

selected from the group consisting of an 
arylene group having 6 to 

-fii- in which each «* is 
15 carbon atoms and -Si , xn wa 

formula: ^ 
35 B?-CH 



20 



25 



40 



IT • 

. ^. p» is independently an aUcyl 
in which each Br xs inwr— . 

Hkvtnfl 1 to 4 carbon atoms or both tfs 
group having 1 to ^^^^^ 

together provide an ^3 
with the --yiiayne^-^^^^^^^^ ^^^^ 
attached a 5- or e-»eaberea 
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atoms, with the provision that when Q is 
surylene, can also be methyl or ethyl, and b 
can also be zero; 
a is an integer having a value of 3 to 7, 
5 inclusive; 

X, y, and z are numbers designating the relative 
molar amounts of monomef units comprising the 
backbone chain of the copolymer, the sum of (x -f y 
+ z) being about 35 to 400,000; z being 1 to 15%, 
10 preferably 2 to 10%, and most preferiibly 2 to 6% 

of the sum (x + y + z) ; y being 0 to 30% of the 
sum (x -»• y z) , and x being 64 to 99%, preferably 
90 to 96%, and most preferably 94 to 98% of the 
sum (X + y + z) . 
15 The copolymers of the invention are prepared by 

copolymerizing one or more straight chain et-olefins and 
one or more methylidyne group-containing a-oleflns. 

straight chair. «-clefins that can be used have six 
to ten carbon atoms, namely, l«hexene, 1-heptene, 1- 
20 octene, 1-honene, and l-decene. 

optionally, up to 30 mole percent, preferably 1 to 
10 mole percent, of total a-olefind of straight chain 
a-olefins having two to five carbon atoms can be used, 
namely, ethene, l-propene, l-butene, and l-pentene. 
25 Suitable methylidyne group-containing a-olef ins 

that can be used have 6 to 20 or more carbon atoms 
including, 4-methyl-l-pentene,5-, and 4-methyl-l- 
hexene;ethenylcyciopentane,6'-,5-, and 4-methyl-i- 
heptene, 4,5-dimethyl-l-hexene, 4-ethyl-l-hexene, 
30 ethenyleydohexane, 7-methyl-l-octene, 8-methyl-l- 
nbnene, 4,6-dimethyl-l-heptene, allylcyclohexane, 2- 
ethenylbicyclo[2.2.llheptane (2-ethenylnorborane, this 
a-olef in has 2-methylidyne groups), 2-e1bhenyl-6- 
methylbicyclo[ 2. 2.1] heptane (this o-olef in has 2 
35 methylidyne groups), 2-ethenyl- (6- 

methylbicyclot 2. 2.1] heptane this a-olef in has 3 
stetfeylidyne groups) . S- (3- 
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whereas the copolymer izat ion of a-oleflns and 
nethlidene-containing olefins goes rapidly and in 
excellent yield. 

Use of ZN catalysts to make honopolymers from a- 
olefin monomers, and copolymers from misetures of a- 
olefin and non-conjugated polyene monomers is old in 
the art and is not the subject of this invention. ZN 
polymerizations are summarized in Odian, 6. , 
"Principles of Polymerization", Ch. S.4 (Second 
Edition, J. Wiley & Sons, New York, 1981). For a more 
detailed discussion of the polymerization of a-oleflns, 
see Boor, J., "Ziegler-Natta Catalysts and 
Polymerizations", Ch. 19 (Academic Press, NY, 1979). 

NMR analysis of the copolymers shows the absence 
of ethylenic-uhsaturatibn. Useful copolymers can also 
be nade by hydrogenation^ processes known in the 
art, of unsaturated poly(o:~olef ins) 

Copolymers can be made from one or more straight 
chain a-olefins and from 0.1 to .9.9 mole percent of one 
or more methylidyne group-containing a-olefins. By 
varying the composition and ratios of these monomers, 
copolymers can be prepared that yield PSA f lltts with 
peel, gel content, and shear adhesive properties 
required for various specialized end-use applications. 

Pressure-sensitive adhesive films can also be 
prepeured by adding a photocrosslihking agent to. the 
copolymer to form an adhesive con^osition, and coating 
the composition onto a substrate. Suitable 
photocrosslinking agents include, but are not limited 
to: aldehydes, such as benzaldehyde, acetaldehyde, and 
their substituted derivatives; ketones such as 
acetopbenone, benzophenone and their substituted 
derivatives, particularly the 4-alkylbenzophenones 
wherein the alkyl group has 1 to 18 carbon atons such 
as methyl, ethyl, butyl, ostyl, dodecyl and oetadeeyl, 
and commercially available derivatives such as Sandoray 
1000*" (Sandoz Chemicals, Inc., Charlotte, NC) ; guinones 
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^)-C-^OCNH— (H,C),^ r^(CH,),-«— NHCO-^-C^ 



V 0 



CM' 0 
R'4<-Si^-Si-CHiCHjCH,-0-^^C-^^ ), 
CH, 

in which r' is am aUcyl group having 1 to 18 carbon 
atoms and e is the integer 2,3, or 4. 

7he~ concentration of photoactive cross Unkings 
agent that can be present is in the range of Q.05 to 
6.0, preferably O.l to 2 percent by weight of the 
curable copolymer, and mpre preferably 0.5 to 1.5 
percent by weight. 

The adhesive composition of the present invention 
can be coated from solution by any of the vzurious 
coating processes well known in t^e art, such as knife 
coating, roll coating, gravuire coating, curtain 
coating, etc. Useful coating thiekhesses ,f or the 
present invention are in the range of 0.5 to IS mg/cn?, 
preferably in the range of 2.0 to 7.0 mg/cn^. 
Furthermore, some of the compositions of the invention 
can be applied by various extrusion coating processes 
with no solvent present, thereby eliminating 
environmental and toxicity problems associated with 
solution coating processes. 

The adhesive coiqiosition can be cured using a 
source of actinic radiation of sufficient energy (i.e., 
t^-avelength range} to generate free radicals «fceh 
incident upon the particular photoactive erosslinking 
agent selected for use in thje composition. The 
preferable wavelength range for the photoactive 
erosslinking agents disclosed above is 400 to 250 nm. 
The radiant energy in this preferred range of 
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Siaat stability, and iamroved peel adhesion, shear 
adhesion of the tackified coa^sitions can be enhanced 
by radiation cure with no loss of peel adhesion. High 
internal strength of the adhesive is necessary in box 
5 sealing tapes and masking applications in the 
autoaotive industry. 

CoD^tible tackifying resins useful in the 
radiation curable adhesive coapositions of the 
invention include resins derived by polynerization of 

10 unsaturated hydrocarbon aonoaers, having five to nine 
carbon atosss, polyternenes, synthetic polyterpenes, and 
the like. Hydrocarbon tackifying resins can be 
prepared by polymerization of monomers consisting 
primarily of olefins and diolef ins and include, for 

15 example, residual by-product monomers of the isoprene 
manufacturing process. These hydrocarbon tackifying 
resins typically exhibit Ball and Ring Softening Points 
of from about 80 •€ to about 145 Acid Numbers of from 
about 0 to 2, and Saponification values of less than 

20 one. Examples of such commercially available resins 
bssefi or. & Cj olefin fraction of this type are Wingtaek" 
95 and Hingtack"* 115 (Wingtack Plus} tackifying resins 
available from Goodyear Tire and Rubber Co. Other 
hydrocarbon resins include Regalrez" 1078 and Regalrez"* 

25 1126 tackifying resins available from Hercules Chemical 
Co. Inc., Wilmington, DE; Arkon resins, such as Arkon™ 
P115 tackifying resin, available from Arakava Forest 
Chemical Industries, Qiicago, IL; and Escorez™ resins 
available from Exxon Chemical Cos^any. 

30 Other suitable tackifying resins include the 

terpsne polymers, such as polymeric resinoiis materials 
obtained by polymerization and/or copolymerization of 
terpene hydrocarbons such as the alicyclic, mono, and 
bicyclic monoterpenes and their mixtures,, including 

35 carene, isomerized pinene, terpinene, terpentene, and 
various other terpenes. Commercially available resins 
of the terpene type include the Zonarez™ terpene B- 
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the composition and provide said radiation- 
cured pressure-sensitive adhesive, 
with the proviso that when the crosslinking is effected 
by actinic radiation there is present an effective 
5 amount of photoactive crosslinking agent. 

Minor amounts of additives can also be included in 
the coiqwsition to provide adhesives for special end 
uses. Such additives may include pigments, dyes, 
plasticizers, fillers, stabilizers, ultraviolet 

10 absorbers, anti-oxidants, processing oils, and the 

like. Amount of additives used can vary from 0.1 to SO 
weight percent depending on the end use desired. 

The adhesive 'conqposition of the present invention 
can be coated onto a wide range of substrate materials, 

15 exaaples being polymeric supports such as polyethylene 
terephthalate (PET) (Dupont Chemical Co., Wilmington, 
OE) , and biaxially oriented polypropylene (BOPP) (Toray 
Chemical Co., Ltd., Tokyo, Japan, or Mobil Oil Co.; 
^oven and non-woven fabrics « a»etals and metal foils 

20 such as aluminum, copper, lead, gold, and the like; 
paper; glass; eeraaies; and coB^osite materials 
conq^ised of laminates of one or more of these 
materials. Pressure sensitive. adhesive tapes and 
transfer films are preferred articles of the invention. 

25 Another embodiment of the invention comprises a 

laminated structure of at least a first and a second 
substrate such as polyethylene and polypropylene, the 
substrates being joined by a layer of the adhesive 
sonroosition of the inventioisa &t least one of the 

30 substrates is capable of transmitting actinic or 

electron beam radiation so that the adhesive layer m«iy 
be cured. 

In some applications primers may be useful for 
iaproving the adhesion of the adhesive to some 
35 substrates. Useful primers for the practice of the 
, present invention include a triblock copolymer of 
Btyrene-ethylene/butylene-styrene grafted with maleic 



Copied from 10708996 on 05/10/2005 



pCr/US92/08710 

wo93/inw 

filas. 

" X»t^; ^^^^ „^ ^ ^ ^les to 



15 



i. M.-! upon th. "»>"?^°„.t I»rf.o. in . 

.trip tro. a .t«.4^ ^ ^ 

.fflxod with a aetlnite ^ ^tana«a 

Of PS. coated a =on.t«*, standard 

rt«X tart panal on*" °' 
30 load. ^ j„ adheelv. eoatod atripa 

^ taat. «r. , that a 12.7 n 

.ppUad to a •"•^^"t.: m .ir. oontact 

W X2.7 » portion Of ,j tha tap. 

,1th th. panal «ith '^ '^^'^.t^ ^ 
P«»* "^^^ Of tha pa«.l for» 

. «0h that f«a «d V^OOO 

«, angle of 1«2' «i-* J'* 



35 fro. 
a 



^j^^^^^^Siyaed^Pem^fOSgOT^^ / iO/2005 



wo 93/11184 



PCr/US92/08710 



is then tensioned by application of a force of one 
kilogram applied as a hanging weight from the free end 
of the coated strip. The 2" greater than 180" is used 
to negate peel forces, thus ensuring that only the 
5 shear forces are aeasured in order to sore accurately 
detenine the holding power of the tape being tested. 
?ii9s elapsed for each test epecisier. to separate from 
the steel panel is recorded as the shear strength. 

10 Mode of Failure fMOF^ 

The time at which the mass falls is called "Sheeu: 
Test" and is reported as "lOOO-t-** if the tape has not 
failed after 5000 minutes. With each Shear is 
indicated the mode of failure as follows: 
15 PP > pop-off, i.e., 75-100% adhesive failure from steel 
platey 

5S]b - adhesive splits both surf acos completely covered 
by adhesive. 

The pop-off failure mode is preferred because it 
20 is indicative of adhesive failure of the adhesive/ steel 
interfacial bond as opposed to cohesive failure of the 
adhesive. Adhesives of various shear adhesions, all 
within the range of tihe present invention (1-1,000 
minutes) , are preferred depending on end-use 
25 applications. 

Two specimens of each tape were tested and the 
shear tests were averaged to obtain the shear value. 

P^l Adhesion fASTM D 3330-78; PSTC - 1 fll/7S)) 

30 The peel adhesion is the force required to remove 
a PSA coated test specimen from a test panel measured 
at a specific emgle and rate of removal. In the 
exas^les, this force is expressed in Newtons per 
decimeter (N/dm) width of coated sheet. The procedure 
35 followed is: 

A test specimen 25.4 saa -^rida applied to e 
horizontally positioned clean glass test 
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plate. A 2.2 kg rubber roller is used to 
pLss a 12.7 cm length of speci»en into fir» 
contact with the glass surface. 
~e free end of the specimen is doubl^l ba^c 
nearly touching itself so the «9le of 
"Lovll is iao». free end is attached to 

the adhesion tester scale. 
The glass test plate is da 
of tensile testing aacihine 
of moving the plate away ft 
constant rate of 2.3 meteru - ^ _ 
The scale reading^in^K^s -^^^ 



•esoval Is 180° 
the sdhealon tmtxKc 

".tin, ri^^^'j^r:^. 

the tape i» P"l«« »« the 9X.SB «ur 

IB erder to awtersttna the h^ to 
«„te.c^n,..thl,^i-^->^J- 

'""•■""''nhTp^ °' " 

20 coBponent of the fwi measured using a 

25 the exanples* 

^,o.ti» ot cure 
percent gel i» <»" ^^^^^i^ resins are 
^-"^^^'rr^^S^ L corrected 
„ coriectid " •'*:^T^:x!.d .»ss divided W the. 
perb«* «*l i- wo '^r^i,' cpebi. of f o»i»9 • 

::^^:«Sr^edWv~rs.ree:.tr.cted^.or. 

« «.ter.lnlng the «1 
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CrosBlinklng by actinic radiation or E-beam 
improves the creep and shear resistance of pressurer 
sensitive adhesives. 

Many important properties of cross linked pressure- 
sensitive adhesive^ vary ^ith the gel content. Hence, 
determination of the gel content provides a means for 
controlling the process and thereby raising the quality 
of the tape. 

Eietraction tests permit verification of the proper 
gel content of polyolef in PSAs and they also permit 
co]i^>ari6on between different crosslinked adhesives and 
their specific end uses. 

gel content Determination: 

h square test specimen (3.81 cm x 3.81 cm) 
containing approScimateiy O.Ofi g of PSA is out from a 
tape and placed in a 12 0-mesh stainless steel basket 
measuring approximately 4 x 8 em. The contents ere 
weighted to the nearest 0.1 mg and then immersed in a 
capped beaker containing sufficient toluene to cover 
the specimen. After extraction for 24 to 48 hours, the 
basket (containing the specimen) is removed, drained, 
and placed in an oven at 69»C.. The basket and 
specimens are dried to a csnstant weight anfi the gel 
; content is determined as follows: 

Extract % - weight Iqb I- «aiirlno extraction x 100 
Height of original specimen 

Gel content -= 100 - Extract % 

For the tackifled pressure-sensitive adhesive tapes, 
the weight of the tackif ier resin was subtracted before 
calculating the corrected gel content as follows: 

SE Percent extract {%5 - ^^m'r APS^ fflirinq gXtrartignx 100 
weight of final specimen - 
weight of resin 

corrected gel content - 100 - percent extract 
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^ epeci^n. o. e.c. tap. la te-t^-;;;^ 
^ ^.,.d to <*t.i» th. 9.1 c«.t«* via.. 

teet eorfeo. of whloh >»» 'J^'^^^.^ 

have been aflhered, ••S- ^t.» 

at roon te-perature to the test 
Tapea were adhere* "t roon ^.^^ (j-kg) 

.„..o., «XXo«- by ""J""^^ one hJ^ in » 
„ r«M»r-ooat.a -tax „ ^o-c, the tape -a. 

ctrouxatlng ovM. at " . ,j ^j.c at «. 

ba<* vbixe «t - "."^^ ^„ the paneX. 

'^-"°-Hcn'r:rx-".'"^'' 
«'-r:rx^i«CJr:Ure...«. 



The toXXowlnS reaetant. ^^^^^^ ^ 

^tlpned to a atirrer and 

jacketed sXa.. ■^«"*«,';^ i„i gra» ol tol«n«. 

30 .,.7S 4-™^^ Pf^^ ^.tie. and then 

ari.dover».XecuX.rsi««).» ^. 

«,th,xax«i^ *'"ritu;ld W the addition ot 9 
„^X:,.erizatlon ?^j^Vedu«d titanio. chXorlde, 
3S ^TiCX, (•^'-^'^J*';^*t^::„xar vei^t ot copol^ 
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throughout the reaction period. The reaction was 
aaintained at 25«>C during the course of the reaction. 
Mifcer 3 hours of the reaction, the copolymerization was 
quenched and the polymer precipitated in a large exceds 
5 of aethanol to extract the catalyst residues. The 
aethanol solution %ras then decanted off of the polyaer 
precipitate. The eopolyner was stabilised with 0.25 
weight % Zrganox 1010 antioxidant (available from Ciba 
Geigy) and dried in a vacuum oven at 70-80«C. 

10 There was obtained 320 g (65% conversion) of 

copolymer having by NMR analysis 1.5 mol percent of 4- 
methylpentene tmits and 98.5 mol percent of i-hexene 
TJnits. It had an inherent viscosity (IV) of 2.0 dl/g 
at 0.5 g/dl concentration in hexane at 25«C and a glass 

15 transition tenqperature (Tg) of -44*c. Ho crystallinity 
%ras detected by differential scanning colorimetry (DSC) 
analysis. 

Prgparatign 9t CgpplYPSJL^ , 

20 The procedure for the preparation of copolymer l 

%ras repeated with the exception that a different 
aonomer ratio was used (419 greas of. l-hexene cmd 74 
grams of 4-methylpentene} . The copolymerization %ra8 
run at 50 "C for one hour. A tacky aaorpihous copolymer 

25 was obtained in 50% conversion having an IV of 1.5 dl/g 
and a Tg of -38 *C. The copolymer contained 6.2 nole 
percent of 4'4ethylpentene. 

Prgparatign Qt QmXm^v 3 

30 The procedure for the preparation of copolymer 1 

was repeated with the exception that 150 g 1-oetene and 

.13.5 a, of 4-methylpentene -^.'ei-?. tsssd. A tacky amorphous 
copolymer was obtained in 60% conversion having an IV 
of 2.3 dl/g, a Tg of -59 «C, and 1.7 mole percent of 4- 
35 methylpentene. 
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^copcly^r confine 3.« »" P«<«* »' * 

solutions m toluene of ^ 0.15 or 1.0 «.i9ht 
of photo=ro..i™^2^^ 

...trla^ine (T), "^^"^Xf oo.t.*, * 
Frep«ed *°«">;',^*SL«»ter Pol,.thyl«» 
^ co.ter, o^to " 
terepha«.l.t. fU- ^""1^^^^ «,^tlng having a *ry 
tol»». to provide » ""^'^^ containing 
a,loknas. of al»»t 27.6 ^. ed to DV 

th.photo=roMli.iWn,a,«t««e^^^ . 
,^tton ««a«:nltr^ «^^^ „ 

,5 a.t«.i«- 'nr^.te* oo.*o.ltlon. Of «« 

^ 1 shows that i„ tape, 

i^entlon .ere not ^aUed^^ ^.^^^ cowosltlon. 

^^•^ triau::d^-«v2, «r. ^ 

that were irradiaW. . copolymer, the 

30 36 to 80% depending on ^e P^J^^^^ 

^o^sXinlcin. ^^-^^2^^%^ popped off and did 
irradiated tapes prepared « 

not split. 
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Solutions of each Copolymer 1, 2, 3, and 4 with 
0.15 or 1.0 weight percent of the photocrosslinking 
agents B, S, Z, and T and 25 weiig^t percent of 
R^alrez* 1126 tadcif ier were prepared in toluene, 
coated, dried, and exposed to UV, under nitrogcm for 
the dose shown as described for copolyners 1-4. The 
characteristics of each adhesive obtained is given in 
TABLE ZZ. 

TABLE ZZ Shows that irradiated adhesive . 
coB^ositions of the invention containing Regalrez"* 1078 
taclcifier had increased shear and peel adhesion. 

Coatings prepared in previous examples were 
examined according to the Panel Test described 
previously and the results are detailed in TABLE ZZZ. 

TSBLE 2ZI Shows tfest stasking tapes prepared using 
the non-tackified adhesive conipositiohs (Exs. 33-42) 
and the tackified adhesive conipositions (Exs. 43-45) 
left little, if any, residue in panel tests when 
irradiated with greater than 450 mJ/cn? of UV radiation. 
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TABLB ZZZ 



Adhesive 
Saoqple 
Ho. 



% Residue left on 
BC/CC panel after 
60 Bin. at 

121«C 150'C 



100 



100 



% Residue left on 
50J panel after 
60 ain. at 

121»C 150« 



100 



100 



2a is 

25 fflJ/en? 

7a is sane as 

^'^12^ is same as 12 except that 



eicposed to 450 



as 2 except that it was . 

7 except that it was exposed to 1200 



it was exposed to 



1200 idJ/cb? 
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stirred solution for one hour, 0.15 g of TiClj %rais 
added. The reaction loixture vas allowed to react under 
these conditions until a slight but significant 
increase in viscosity wb visually observed (about 45 
5 minutes) . 

Thexi ethylene gas xfae introduced to the reaction 
vessel atBosphere. After 2 hours ethylene «ms bubbled 
through the reaction mixture for 3 additional hours 
before gueinthing with methanol. The product vas a 
10 pressure-sensitive adhesive containing 5 mole % of 
ethylene. 

The copolymer solution was blended with 15 weight 
percent Arkon P115 and 1% by weight benzophenone 
photoinitiator and coated on 0.04 mm thick (1.5 mil) 
15 poly (ethylene terephthlate) followed by W curing. The 
cured adhesive had a peel strength of 30 M/dm and shear 
strength of 1320 min as compared to uncured adhesive of 
the same composition having a peel strength of 30 H/dm 
and shear strength of 32 minutes. 

20 

Various modifications and alterations of this 
invention will become apparent to those skilled in the 
art without departing from the scope and spirit of this 
invention, and it should be understood that this 

25 invention is not to be imduly llsi.fcei to the 
illustrative embodiments set forth herein. 
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1 • A oorable eii»l»»ltion for prOTldlng « hot 

, ^ion of « or «re «d =oh«iv. .fbiHty 

.t elev.t.a tMlperaturas eororlilng! 
a» at least one copoljfuer of 

" 1, ,0.1 to 9..9 «!. P«c«* " T 

rtral*.* obaln .-Olefin, havi^ 2 to 32 

«rbon .to« of Vhio.1 it l«»t 70% tov 
6 to 10 carbon atoM, and 
J, 9.9 to O.l «.l. pure"' of one or ««e 
.-olefin, bavin, 6 to 20 or more carbon 

„^ (, on. o«*on-eont.lni»9 
tovl^ a b,dro,e« ato. on a tertUry 
^bon ato.) preM«t in a branoh- or 

cyclio qronp of carbon atoM, 
optionally, 
oroaellnlcing " 
position «ppn «cpo«r. » actinic 

" « :ro:rr.if::iv.^---- 

*' ^a«itive .elected fro»«»9»*^ 

S:^^,antl-cxid«*,«--r«»"^»"- 
, »„c.r*l.c«ipo.itionofclainl««r.in 
^. „Uiv»« — 
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wherein 

R is hydrogen or a lower alkyl group; 

is a aonovalent organic group that is free of 
ethylenic-unsaturation and contains at least 



one nethylidyne group, -CB, having 4 to 30 

carbon atoms, optionally containing an oxygen 
or silicon atom that is catenated between 
carbon atoms, 
a is an integer having a value of 3 to 7, 
inclusive; 

s:, y, and z are nuinbers designating the relative 
molar amounts of monomer units comprising the 
backbone chain of the copolymer the sum of 
(X + y + z) being about 35 to 400,000; z 
being i to 15% of the sum (x + y + a) ? Y 
being 0 to 30% of the sum (x + y + « 
being 70 to 99% of the sum (x + y + a) • 

3. The copolymer according to claim 2 vherein R» 
has the structure 

i; 

in which b is an integer having a value of 1 
to 5; Q iB selected from a single bond, -0-, 
and divalent groups selected from the group 
5 consisting of an arylene group having 6 to 15 

carbon atoras,. Jind- 

-k- 



' -Cop id d froni lOfQWOe -^ QTiylOy^QQ ! ?- 
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in which each F* is independently a lower 
alkyl grow ot l <co 4 carbon atoits or ^; ana 
5^ is a nethylidyne group-containing group 
having the structural formula: 
5 B?-CH 



10 in Which each is independently « 

group having 1 to 4 carbon atoms or bo^^B 
together provide an alkylene group forming 
with the methylidyne group to vhich it is 
lached a or 6-membered ring of carbon 
atoms, with the proviso that when Q is 
Lyleie, can also be methyl or ethyl and b 
can be zero. 
« Th. eompo.ltion .ccorain, to clal- 1 « 3 

a nUBtae- average BOl«uUr weign 
r«ge of 5,000 to 50,000,000. 

25 

5 The E-beam or actinic radiation cured 
composition according to claias 1 to 4. 

. «*icle comprising a layer of the cured 
30 6. An article co^ ^^^3^ one surface of at 

compoBition of claim 5 on at leas^ 
least one substrate. 

article according to claim ^^^^^^'^ 
w is selected from the group consisting of 

35 substrate is seiect _ glass, 
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!3. The article aecordistg to cI&Ibis 6 or 7 «Aiich 
is a tape, a laminated structure, or an adhesive 
transfer film. 

9. The tape according to claim 8 wherein said . 
cured composition con^rises the reaction product of 
ethylene, 1-hexene, and 4-methylpentene-l. 

10. A method of preparing a radiation-cured 
saturated polyolef in pressxire-sensitive a^esive 
coa^rising the steps of: 

a) providing a curable composition con^rising a 
copolymer according to claims l to 5, and an effective 
amount of a photoactive crosslinking agent, 

b) coating the con^sition onto a substrate, 

e) esqposing the coated eonqposition to actinic or 
E-beam radiation tp effect crdsslinkihg of 
the composition and provide said radiation- 
cured pressure-sensitive adhesive, 
with the proviso that when the crosslinking is effected 
fev actinic radiation there is present mi effective 
amount of photoactive crosslinking agent. 
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